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(54) Modular interconnect matrix for matrix connection of a plurality of antennas with a plurality 
of radio channels units 



(57) A modular interconnect matrix (200) intercon- 
nects a plurality (M) of radio channel units (203) with a 
plurality (N) of antennas (202). Each radio channel unit 
(203) is connected to a first connector (222) on a corre- 
sponding first switching module (217) having a plurality 
(N) of seconds connectors (225). Each antenna (202) is 
connected to a first connector (212) of a corresponding 
antenna interface module (205) having a plurality (X) of 
second connectors (215). The second connectors 
(215,225) on the modules (205,217) are arranged for 
interconnection of at least one second connector (225) 



on each of the first switching modules (21 7) with at least 
one second connector (215) on each of the antenna 
interface modules (205) . Each of the first switching mod- 
ules (21 7) provides for the connection ot the first switch- 
ing module first connector (222) with any one of its 
second connectors (225) under control of a switch con- 
trol portion of the matrix (240, 260, 263, 267), thereby 
allowing each radio channel unit (203) to be intercon- 
nected to any one of the antennas (202). 
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transmitter section and receiver section of the radio 
channel units to tfie directional antennas for' optimal 
transmission and receipt of RF signals, respectively. 

5 Summary of the Invention 



Description 

Technical Field 

The present invention relates to the interconnection 
of radios with antennas, and more particularly, to a mod- 
ular interconnect matrix for the matrix connection of any 
one of a plurality of radios with any one of a plurality of 
antennas. 

Background of the Invention 

In a land mobile radio base site, a number of anten- 
nas are typically used to transmit and receive RF signals 
for a plurality of radio channel units (radios). In such 
known systems, each radio channel unit comprises a 
transmitter section for the generation and transmission 
of RF signals at the operating frequency of the radio 
channel unit and a receiver section for receiving RF sig- 
nals at the operating frequency of the radio channel unit. 

For the transmission of RF signal, each antenna is 
connected to one or more of the radio channel units for 
transmitting signals provided by the transmitter section 
of the corresponding radio channel units. If more than 
one radio channel unit is designated to transmit RF sig- 
nals via a single antenna, the RF signals provided by the 
radio channel units are combined in a combiner, and the 
combined RF signals are provided by the combiner to 
the antenna for transmission thereof. 

For the receipt of RF signals, each antenna is con- 
nected to one or more of the radio channel units for pro- 
viding received RF signals to the receiver section of the 
radio channel units. If the antenna is designated to pro- 
vide received RF signals to more than one radio channel 
unit, the output of the antenna is connected to a splitter 
which splits the received RF signal from the associated 
antenna into a plurality of equal power parts. The parts 
of the received RF signal are then provided to the asso- 
ciated radio channel units. If the radio channel unit com- 
prises a diversity receiver, e.g., a receiver having two 
inputs and capable of selecting the strongest RF signal 
between the two RF signals for demodulation, then the 
radio channel unit is connected to two antennas. 

In the above described land mobile radio base site, 
each radio channel units is directly connected to one or 
two dedicated antennas for the transmission and receipt 
of RF signals. Therefore, the antennas used must have 
generally omni-directional characteristics to ensure the 
proper receipt of RF signals from, and the transmission 
of RF signals to, mobile radios (mobile subscribers). 

It is generally known that improved transmission and 
receipt of RF signals between a radio channel unit at a 
mobile radio base site and a mobile subscriber may be 
achieved using an array of directional antennas at the 
mobile radio base site. However, in such a mobile radio 
base site having a large number of radio channel units, 
e.g.. 60 radio channel units, and a large number of direc- 
tional antennas, e.g., 16 directional antennas, a signifi- 
cant problem exists with respect to interconnecting the 



Objects of the invention include a modular intercon- 
nect matrix for matrix connection of any one of a plurality 
of radio channel units with any one of a plurality of anten- 

10 nas. 

Another object of the present invention is to provide 
a modular interconnect matrix having a plurality of mod- 
ules which may be quickly assembled for matrix connec- 
tion of a plurality (N) of antennas with a plurality (M) of 
15 radio channel units. 

A further object of the present invention is to provide 
a modular interconnect matrix with modules having 
coaxial quick-disconnect connectors for matrix connec- 
tion of a plurality (N) of antennas with a plurality (M) of 
20 radio channel units. 

Another object of the present invention is to provide 
a modular interconnect matrix having a plurality of mod- 
ules which are easy and economical to manufacture, and 
which provide for easy assembly for the matrix connec- 
ts tion of a plurality (M) of radio channel units with a plurality 
(N) of antennas. 

A still further object of the present invention is to pro- 
vide a modular interconnect matrix for dynamically con- 
necting a. receive terminal of each one of a plurality of 
30 radio channel units with any one of a plurality of antennas 
which, on average during a sampling period, has the 
strongest received signal strength of RF signals at the 
operating frequency of the one radio channel unit. 

Another object of the present invention is to provide 
35 a modular interconnect matrix for dynamically intercon- 
necting a transmit terminal of each one of a plurality of 
radio channel units with any one of a plurality of antennas 
which, on average during a sampling period, is best 
suited for transmitting RF signals at the operating fre- 
40 quency of the one radio channel unit in a direction cor- 
responding to the desired destination for the transmitted 
RF signals. 

According to the present invention, a modular inter- 
connect matrix interconnects a plurality (M) of radio 

45 channel units with a plurality (N) of antennas; each radio 
channel unit is connected to a first connector on a cor- 
responding first switching module having a plurality (N) 
of seconds connectors, and each antenna is connected 
to a first connector of a corresponding antenna interface 

50 module having a plurality (X) of second connectors; the 
second connectors on the first switching modules are 
configured for interconnection with the second connec- 
tors on the antenna interface modules and the second 
connectors on the modijtes are arranged for intercon- 

55 nection of at least one second connector on each of the 
first switching modules with at least one second connec- 
tor on each of the antenna interface modules; each of 
the first switching modules provides for the connection 
of the first connector with any one of the second connec- 
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tors, thereby allowing each radio channel unit to be inter- 
connected to any one of the antennas. 

In further accord with the present invention, a switch 
control is provided which controls the interconnection of 
the first connector to any one of the second connectors 5 
on the first switching modules. 

According further to the present invention, a pair of 
modular interconnect matrices are provided including a 
radio signal transmit modular interconnect matrix for 
interconnecting a transmit terminal of each one of the ?e 
radio channel units with any one of the antennas for the 
transmission of RF signals, and a radio signal receive 
modular interconnect matrix for interconnecting a 
receive terminal of each one of the radio channel units 
with any one of the antennas for providing RF signals if. 
received by the antennas to the corresponding radio 
channel units. 

According still further to the present invention, in the 
radio signal receive modular interconnect matrix, the first 
connector on each first switching module is connected 20 
to a receive connector on the corresponding radio chan- 
nel unit, and each antenna interface module Is a splitter 
which divides a signal received from the corresponding 
antenna into a plurality (X) of divided signals each having 
an equal signal strength which is a fraction (1/X) of the 25 
received signal strength. 

In still further accord with the present Invention, the 
switch control comprises a plurality (Y) of second switch- 
ing modules having a plurality (N) of second connectors 
and a first connector connected to a scanning receiver, 3q 
each scanning receiver being associated with corre- 
sponding ones of the radio channel units: the second 
connectors on the second switching modules are config- 
ured for interconnection with the second connectors on 
the antenna interface modules and the second connec- 35 
tors on the modules are arranged for interconnection of 
at least one second connector on each second switching 
module with at least one second connector on each of 
the antenna Interface modules. Each second switching 
module is configured for interconnecting each scanning 4C 
receiver with any one of the antennas, and each scan- 
ning receiver provides output data signals to a micro- 
controller indicative of the received signal strength on 
each of the antennas at the operating frequencies of the 
corresponding ones of the radio channel units for deter- 45 
mining the antenna having the strongest signal strength 
at the assigned frequency of the corresponding ones of 
the radio channel units, the micro-control fer further pro- 
viding control signals to the first switching modules for 
interconnecting each radio channel unit with the antenna so 
indicated as having the strongest signal strength at the 
operating frequency of the radio channel unit. 

According further to the present invention, in the 
radio signal transmit modulai- interconnect matrix, the 
first connector on each first switching module is con- ss 
nected to a transmit connector on the corresponding 
radio channel unit, and each antenna interface module 
is a combiner which combines RF signals provided on 
its second connectors from the radio channel units into 



a combined RF signal which Is provided to a correspond- 
ing antenna via the antenna interface module second 
connector. 

According further to the present Invention, each 
radio channel unit has a diversity receiver capable of 
receiving signals from two antennas and determining the 
signal having the strongest signal strength, and each first 
switching module in a radio signal receive modular inter- 
connect matrix is provided with two first connectors for 
Interconnection with the t/vo diversity receiver connec- 
tors of the corresponding radio channel unit diversity 
receiver, the micro-controller provides control signals to 
the first switching modules Indicative of the two antennas 
having the stronger signal strength at the operating fre- 
quency for each of the associated radio channel units, 
and the first switching modules interconnect one of the 
first connectors with the antenna having the strongest 
signal strength and the other of the first connectors with 
the antenna having the second strongest signal strength. 

In still further accord with the present invention, the 
micro-controller controls each first switching module in 
the radio signal transmit modular interconnect matrix 
such that the first connector is Interconnected with the 
antenna indicated as having the strongest signal 
strength when a signal is received for the corresponding 
radio channel unit in the radio signal receive modular 
interconnect matrix. 

The present invention provides a significant 
improvement over the prior art by providing a modular 
interconnect matrix between a plurality of radio channel 
units and a plurality of antennas. Such a modular inter- 
connect matrix allows for the use of a plurality of direc- 
tional antenna at a land mobile radio base site for 
improved transmission and receipt of RF signals. Addi- 
tionally, the modular components which make up the 
matrix may be easily manufactured and tested, and 
therefore provide a simple and economical means of 
interconnecting radio channel units with antennas. The 
modular units of the modular interconnect matrix are 
easy to assemble, and provide a reliable connection 
between any one radio channel unit with any one 
antenna. 

The foregoing and other objects, features and 
advantages- of the present invention will become more 
apparent in light of the following detailed description of 
exemplary embodiments thereof, in view of the accom- 
panying drawings. 

Bnef Description of the Drawings 

Figure 1 is a schematic block diagram of the modular 
interconnect matrix of the present invention; 

Figure 2 is a perspective view of a splitter/combiner 
module of the modular interconnect matrix of Figure 
1; 
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Figure 3 is a perspective view of a lirst switching 
module of the modular interconnect matrix of Figure 

1; 

Figure 4 is a perspective view of a second switching s 
module of the modular interconnect matrix of Figure 
1: 

Figure 5 is a perspective view of the modular inter- 
connect matrix of Figure 1 ; w 

Figure 6 is a side view of a coaxial quick-disconnect 
connector; 

Figure 7 is a side view of a coaxial quick-disconnect is 
connector; 

Figure 8 is a schematic block diagram of a modular 
interconnect matrix used for transmitting RF signals; 

20 

Figure 9 is a schematic block diagram of a first alter- 
native embodiment of the modular interconnect 
matrix of Figure 1 ; and 

Figure 1 0 is a schematic block diagram of a second ^5 
alternative embodiment of the modular interconnect 
matrix of Figure 1. 

Best Mode for Carrying Out the Invention 

30 

Referring to Figure 1, the modular interconnect 
matrix 200 is used to interconnect a plurality (N) of anten- 
nas 202 to a plurality (M) of a radio channel units 203. 
Figure 1 is an example of a radio signal receive modular 
interconnect matrix, e.g.. a modular interconnect matrix 3S 
which is used to provide signals received on antennas 
202 to receive terminals mounted on the radio channel 
units 203. Although the invention is described and illus- 
trated in Figure 1 with respect to the receipt of signals by 
the radio channel units, the invention is equally applica- 40 
ble to the transmission of RF signals provided by the 
radio channel units, as will be described in greater detail . 
hereinafter 

The modular interconnect matrix 200 comprises a 
plurality (N) of signal splitter modules 205. one signal 45 
splitter module 205 being associated with each of the 
antennas 202. Each antenna 202 is connected to Its 
associated signal splitter modules 205 via a band pass 
filter 208 and an adjustabi e preamplifier 2 1 0 which ampli- 
fies the received signals before being provided to the sig- so 
nai splitters 205. In Figure 1 , sixteen (16) antennas 202 
are shown interconnected to sixteen (16) signal splitter 
modules 205. The signal splitter modules 205 are power 
dividers which divide the amplified RF signals into a plu- 
rality (X) of equal parts, e.g. , each of the equal parts has 55 
an identical signal characteristic (shape) as the amplified 
RF signal at a fraction (1/X) of the signal strength. For 
example, a 20-way power divider having a frequency 
range of 824 to 894 MHZ and an insertion loss of 16dB 



may be selected for use as a signal splitter. In Figure 2. 
each signal splitter module 205 is illustrated as dividing 
the received RF signal into 20 equal parts. 

Referring also to Figure 2, the signal splitter module 
205 comprises an input connector 212 where the ampli- 
fied signals provided by the antenna are input to the sig- 
nal splitter module 205. The signal splitter module 205 
also comprises a plurality (X) of output connectors 215 
where the equal parts of the amplified RF signals are 
provided. Figure 3 illustrates the signal splitter module 
205 having 20 output connectors. 

Referring again to Figure 1, the modular intercon- 
nect matrix 200 also comprises a plurality (M) of first 
switching modules (radio switching modules) 21 7. There 
is one first switching module 217 associated with each 
radio channel unit 203. Referring also to Figure 3, each 
of the first switching modules 21 7 comprises a pair of 
first connectors 222 for intercdnnection with a pair of 
receiver connectors on the corresponding radio channel 
unit 203 (Figure 1). Each first switching module 217 also 
comprises a plurality (N) of second connectors 225. 
Each of the first connectors 222 and second connectors 
225 are connected to an electronic switch 230 located 
within the first switching module 217. The electronic 
switch 230 is also connected to a ground connector 231, 
a power supply connector 232 and a control connector 
235 mounted on the first switching module 217. As will 
be described in greater detail hereinafter, the electronic 
switch 230 is a 2-pole-N-throw switch which operates 
under control of control signals provided to the control 
connector 235 for connecting each one of the first con- 
nectors 222 to one of the secdnd connectors 225. The 
electronic switch 230 may be a two-pole-sixteen-throw 
eleclronic switch SW9481 manufactured by the Celwave 
Division of Radio Frequency Systems, inc., which is pow- 
ered by a 15VDC power supply and is controlled by a 
pulse width modulated data stream containing both tim- 
ing (clock) data and control (switching) data. 

Referring now to Figures 1 . 2. 3 and 5. the second 
connectors 215. 225 on both the signal splitter modules 
205 and the first switching modules 217 are configured 
and arranged such that each one of the second connec- 
tors 225.on the first switching modules 217 may be inter- 
connected to one second connector 215 on each signal 
splitter module 205. It will therefore be understood by 
those skilled in the art that using the above described 
arrangement, each one of the first switching modules 
217 is provided with a portion (1/X) of the RF signal out- 
put of each antenna 202 due to the matrix interconnec- 
tion of the first switching modules 217 with the signal 
splitter modules 205. 

Referring to Figure 2, to achieve the above 
described matrix interconnection of the first switching 
modules 21 7 with the signal splitter module 205, the sig- 
nal splitter module 205 comprises a housing 236 which 
is generally rectangular in shape with the first connector 
212 mounted at the center of one of the shorter (minor 
axis) sides of the rectangle. The second connectors 215 
of the signal splitter module 205 are divided into two 
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groups and are equally spaced on opposite long (major 
axis) sides of the rectangular shaped housing. Both the 
first connector 212 and the second connectors 215 on 
the signal splitter module 205 are male coaxial quick dis- 
connect connectors 238 of the type illustrated in Figure 6. 5 

Referring to Figure 3. the first switching module 217 
also comprises a generally rectangular shaped housing 
237. The first connectors 222 are evenly spaced about 
a central point of one long (major axis) side of the first 
switching module housing 237. The second connectors 10 
225 are positioned on the other long (major axis) side of 
the housing 237 with the ground connector 231, the 
power connector 232 and the control connector 235. All 
of the connectors on the first switching module 21 7 are 
female coaxial quick disconnect connectors 239 of the is 
type illustrated in Figure 7. 

The male and female coaxial quick disconnect con- 
nectors 238, 239 illustrated in Figures 6 and 7 may be 
selected from known connectors which are designed for 
interconnection with one another for providing a connec- 20 
tion therebetween. The dimensions of the connectors 
are selected such that when the male and female con- 
nectors are interconnected, there is sufficient friction 
therebetween to provide a strong and secure connection 
without the requirement of threads or other interlocking 2£ 
means. 

Referring now to Figures 2, 3 and 5, the arrange- 
ment of the second connectors 225 on the first switching 
module 2 1 7 is selected such that when the signal splitter 
modules 205 are arranged adjacent to one another with 30 
the rows of second connectors 215 parallel to one 
another, the second connectors 226 of a first switching 
module 21 7 placed perpendicular to the parallel rows of 
second connectors 21 5 of the signal splitter module 205 
will engage with one another 35 

Referring again to Figure 1 . a plurality (Y) of second 
switching modules 240 are also provided for intercon- 
nection with the signal splitter modules 205. Referring 
also to Figure 4, the second switching module 240 com- 
prises a generally rectangular shaped housing 242. 40. 
Mounted on one of the long (major axis) sides of the 
housing 242 is a first connector 245, and mounted on the 
other long (major axis) side of the housing is a plurality 
(N) of second connectors 248; a ground connector 250, 
a power connector 251 and a control connector 254. 45 
Located within the second switching module housing 
242 is an electronic switch 257 which is interconnected 
to all of the connectors 245, 248, 250, 251 , 254 mounted 
on the second switching module 240. The electronic 
switch 257 is a one-pole-N-throw switch which intercon- so 
nects the first connector 245 to any one of the second 
connectors 248 under control of control signals provided 
via the control connector 254, as will be described in 
greater detail hereinafter. The electronic switch 257 may 
be a one-pole-sixteen-throw electronic switch SW9480 55 
manufactured by the Celwave Division of Radio Fre- 
quency Systems. Inc., which is powered by a 15VDC 
power supply and is controlled by a pulse width modu- 



lated data stream containing both timing (clock) data and 
control (switching) data. 

Referring again to Figure 1 , the first connector 245 
(Figure 4) on each of the second switching modules 140 
is connected to a corresponding RF scanning receiver 
260. Associated with each RF scanning receiver 260 is 
a phase locked loop (PLL) device 263 and a micro-con- 
troller 2G7, e.g.. a HC11F1 (PLL) manufactured by 
Motorola. As will be described in greater detail hereinaf- 
ter, the micro-controller 267 controls the phase locked 
loop 263, which in turn controls the receiving frequency 
of the RF scanning receiver so as to sequentially receive 
RF signals at selected frequencies associated with cer- 
tain ones of the radio channel units 203. and the micro- 
controller 267 also controls the second switching module 
240 to sequentially interconnect the RF scanning 
receiver 260 with the antennas 202 via the splitters 205. 
The RF scanning receiver 260 then determines which 
antennas 202 have the strongest signal strength at the 
operating frequencies of the selected radio channel units 
203, and provides an indication thereof to the micro-con- 
troller 267. The micro-controller 267 then controls the 
first switching modules 21 7 of the selected radio channel 
units 203 to interconnect with the two antennas 202 hav- 
ing the strongest signal strength. 

Referring again to Figures 2. 4 and 5, as with the 
first switching modules 21 7, all of the second connectors 
248 on the second switching modules 240 are female 
coaxial quick disconnect connectors 239 of the type illus- 
trated in Figure 7. Additionally, as with the first switching 
modules 21 7, the second connectors 248 on the second 
switching module 240 are arranged such that when 
placed perpendicular to the rows of second connectors 
215 on the signal splitter module 205. the second con- 
nectors 248. 215 interconnect with one another. 

The operation of the radio signal receive modular 
interconnect matrix 200 is best understood by example. 
Referring to Figure 1. fifteen (15) first switching modules 
217 are provided- for connection to fifteen (15) coi-re- 
sponding radio channel units 203. The radio channel 
units 203 and first switching modules 2 1 7 are divided into 
groups of equal numbers, and each group is associated 
with a corresponding second switching module 240, RF 
scanning receiver 260. micro-controller 267 and phrase 
locked loop 263. In the example of Figure 1, the first 
switching modules 217 and radio channel units 203 are 
divided into five groups of three. Therefore, there are five 
second switching modules 240. RF scanning receivers 
260, phase locked loops 263 and micro-controllers 267. 

There are 16 signal splitter modules 205, one being 
associated with each antenna 202. Each of the signal 
splitter rriodules 205 comprises twenty second connec- 
tors 215. On each of the signal splitter modules 205. fif- 
teen of the second connectors are provided for 
interconnection with the fifteen first switching modules 
217, and the remaining five second connectors 215 on 
the signal splitter module 205 are provided for intercon- 
nection with the five second switching modules 240. The 
interconnection of the signal splitter modules 205, first 
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switching modules 217 and second switching modules 
240 is illustrated in Figure 5. The signal splitter modules 
205 are arranged adjacent to each other with the two 
rows of second connectors 215 on each signal splitter 
module 205 arranged parallel to the rows of second con- 
nectors 215 on the other signal splitter modules 205. Ten 
of the first switching modules 21 7 are arranged adjacent 
to one another with their rows of second connectors 225 
parallel to one another and perpendicular to the rows of 
second connectors 215 on the signal splitter modules 
205. The male and female coaxial quick disconnect con- 
nectors 238, 239 (Figures 6 and 7) are then intercon- 
nected with one another such that at least one of the 
second connectors 225 on each of the ten first switching 
modules 217 is interconnected with at least one of the 
second connectors 215 on each of the sixteen signal 
splitter modules 205. The remaining five first switching 
modules 21 7 and the five second switching modules 240 
are arranged in a like manner on an opposite side of the 
sixteen adjacent signal splitter modules 205. 

Using the above described modular interconnect 
matrix, various relationships are established based on 
the following parameters; 

N = the number of antennas. 
M = the number of radio channel units. 
Y = the number of groups the radio channel units are 
arranged in. 

The relationships established by the above recited 
parameters include; 

The number of signal splitter modules = N 
The number of first switching modules = IVI 
The number of second switching modules = Y 
The number of second connectors on the first and 
second switching modules = N 

The number of second connectors on the signal 
splitter modules = X = (M + Y) 

Each micro-controller 267 controls a correspond- 
ing phase locked loop 263, second switching module 240 
and three first switching modules 217 in each one of the 
five groups. Each radio channel unit 203 transmits and 
receives RF signals on an assigned (operating) fre- 
quency, and the phase locked loop 263 is configured to 
control the receiving frequency of the RF scanning 
receiver for sequentially receiving RF signals at three dif- 
ferent frequencies, each of the three frequencies corre- 
sponding to the operating frequencies of the three radio 
channel units in its corresponding group. Under control 
of the micro-controller 267, the second switching module 
240 selects one of the sixteen antennas 202. The signals 
provided by the antenna 202 are provided via the band 
pass filter 208 to the adjustable amplifier 210 where the 
received signals are amplified. Next the received signal 
is provided to the corresponding signal splitter module 
205 where the signal is divided into 20 equal parts. One 
of the equal parts is provided to each of the second 
switching modules 240. 



A control signal Is provided on a line 270 from the 
micro-controller 267 to the control terminal 254 (Figure 
4) of the second switching module 240 for controlling the 
position of the one-pole-sixteen-throw switch 257 (Figure 

5 4) of the second switching module 240 for antenna selec- 
tion . The part of the ampi if ied RF signal from the selected 
antenna is provided via the first connector 245 (Figure 
4} of the second switching module 240 to a line 272 which 
is connected to the RF scanning receiver 260. The micro- 

w controller also provides control signals on a line 275 to 
the phase locked loop 263 once an antenna has been 
selected to control the phase locked loop to in turn con- 
trol the receiving frequency of RF scanning receiver 260 
so as to sequentially receive RF signals at the three dif- 

75 ferent frequencies corresponding to the three radio 
channel units within the corresponding group. Control 
signals are provided by the phase locked loop to the RF 
scanning receiver 260 on a line 278. First, the RF scan- 
ning receiver 260 measures the power level of the RF 

20 signal on the line 272 at the first frequency under control 
of the phase locked loop. The RF scanning receiver pro- 
vides a signal on a line 280 to the micro-controller 267 
indicative of the power level of the signal on the line 272 
at the first frequency. The micro-controller 267 then pro- 

ss vides a control signal on the line 275 to the phase locked 
loop 263, which in turn controls the RF scanning receiver 
260 to receive RF signals at the second frequency. The 
RF scanning receiver then provides a second measure- 
ment of the power level of the received signal at the sec- 

30 ond excitation frequency on the line 280 to the micro- 
controller 267. This procedure is repeated for the third 
frequency. 

After measurements are taken on one antenna at 
the three different excitation frequencies, the micro-con- 
35 troller provides a control signal on the line 270 to the sec- 
ond switching module 240 for selection of the next 
antenna 202. The signal provided by the next antenna 
202 is then measured at the three excitation frequencies 
and these measurements are recorded by the micro- 
be controller 267. This procedure is repeated for all sixteen 
antennas 202. Each antenna 202 is sampled at all three 
frequencies approximately 8 times per second. The 
micro-controller 267 maintains a running average of the 
received signal strength at the three radio channel unit 
45 operating frequencies for all sixteen antennas, and pro- 
vides a control signal on a line 285 to each of the first 
switching modules 21 7 in the corresponding group indic- 
ative of the two antennas having the strongest signal 
strength at the operating frequency of the corresponding 
50 radio channel unit. The electronic two-pole- i6-throw 
switch 230 (Figure 3) in the first switching module 217 
connects two of the second connectors 225 (Figure 3) to 
the two first connectors 222 (Figure 3) in response to the 
control signal on the line 285 from the micro-controtler 
55 267. As is known in the art, the radio channel unit diver- 
sity amplifier then selects between the two input signals 
for providing an input to the receiver. 

Since the antennas 202 are directional antennas, 
the micro-controller controls the second switching mod- 



6 

<SP 071 5477 A2 I > 



11 



EP 0 715 477 A2 



12 



ule 240 to sample the antennas 202 so that adjacent 
antennas are not consecutively sampled, but rather, 
antennas from different direction quadrants are sampled 
consecutively. For example, if the antennas are sequen- 
tially numbered 1-16, the antennas may be sampled in 5 
the following order: 1, 4,'7, 10, 13, 16. 3, 6. 9, 12. 15, 2, 
5. 8, 11, 14. 

The invention has been described thus far with 
respect to a radio signal receive modular interconnect 
matrix. However, the invention is also applicable to a 10 
radio signal transmit modular interconnect matrix, e.g., 
a modular interconnect matrix used to interconnect a plu- 
rality of radio channel units with a plurality of antennas 
for the transmission of signals provided by the radio 
channel units via the antennas. 15 

Referring to Figure 8. a transmit modular intercon- 
nect matrix 900 is similar to the receive modular inter- 
connect matrix 200 (Figure 1) except that the first 
switching module 91 7 is provided with one first connector 
for interconnection to a transmit terminal of a radio chan- 20 
nei unit 203. Additionally, the signal splitter modules 205 
(Figure 1) are replaced with combiner modules 905 
which combine RF signals provided to its plurality of sec- 
ond connectors into a combined RF signal which is pro- 
vided from the first connector via an amplifier 910 and 25 
filter 908 to an antenna 202 for transmission. It is 
assumed that the antenna 202 indicated as having the 
strongest received signal strength at the operating fre- 
quency of the radio channel unit is the best antenna for 
transmission of signals provided by the radio channel 3c 
unit, and therefore, a second switching module and cor- 
responding scanning receiver phase locked loop and 
micro-controller are not required in the transmit matrix 
interconnect module 900. Instead, each first switching 
module of the transmit matrix interconnect module is 35 
controlled to interconnect its first connector with its sec- 
ond connector corresponding with the antenna having 
the strongest signal strength at the operating frequency 
of the corresponding radio channel unit Additionally, 
since the five second switching modules are not required 40 
in the transmit modular interconnect matrix 900, the com- 
biner modules 905 maybe configured for connection with 
five dummy loads 915 mounted to the five second con- 
nectors which are not used. Alternatively, each combiner 
module 905 may be provided with only 15 second con- 45 
nectors for interconnection with the 15 first switching 
modules. 

The invention has been described thus far for inter- 
connecting 15 radio channel units with the 16 antennas, 
if it is desired to increase the number of radio channel so 
units or the number 0I antennas, the modular compo- 
nents may be modified accordingly Alternatively, a plu- 
rality of modular interconnect matrices may be provided 
to increase the number of radio channel units. For exam- 
ple, referring to Figure 9. four modular interconnect 55 
matrices 930 may be provided, each for interconnection 
to 15 radio channel units and sixteen antennas 202. 
Each of the modular interconnect matrices 930 may be 
connected to the antennas 202 via a second combiner 



or splitter 935 for achieving the desired total number of 
radio channel units and antennas. As shown in Figure 
10. there are four modular interconnect matrices 930 
each having 1 5 radio channel units for a total of 60 radio 
channel units interconnected to 16 antennas. 

The invention has been described herein as using 
modules which directly interconnect with one another for 
providing the matrix connection of any one o' a plurality 
of antennas with any one of a plurality of radio channel 
units. However, in another embodiment of the invention, 
rather than providing interconnecting modules for creat- 
ing the matrix, the components of the matrix connection 
may be interconnected with known coaxial cables. An 
example of such a matrix connection (transmit matrix) 
using coaxial cables is schematically illustrated in Figure 
10. In a RF signal transmit interconnection having 60 
switches associated with 60 radio channel units with 16 
antennas via 16 combiners. 960 coaxial cables are 
required between the combiners and the switches. Sim- 
ilarly, 960 coaxial cables are required between 60 
switches and 16 splitters for RF signals received by the 
16 antennas. Although this embodiments provides the 
desired matrix connection of the radio channel units and 
the antennas, the physical mass of cabling and the cost 
of connectors, cable, and cable assembly and inspection 
is significant. 

Although the invention has been described herein 
with respect to exemplary embodiments thereof, it will be 
understood by those skilled in the art that the foregoing 
and various other changes, omissions and additions may 
be made therein and thereto without department from 
the spirit and scope of the present invention- 
Claims 

1 . A modular interconnect matrix for matrix connection 
of a first plurality of antennas with a second plurality 
of radio channel units, wherein the antennas and the 
radio channel units transmit and receive RF signals 
at assigned operating frequencies, comprising: 

a third plurality of first switching modules, 
each having at least one first switching connector 
and a plurality of second switching connectors, each 
first switching module being connected by its first 
switching connector to a corresponding radio chan- 
nel unit; 

first switching means in each one of said first 
switching modules for connecting each one of said 
first switching connectors with any one of said sec- 
ond switching connectors; 

a fourth plurality of antenna interface mod- 
ules, each having a first interface connector and a 
plurality of second interface connectors, each 
antenna interface module being connected by its 
first interface connector to a corresponding antenna; 

wherein said second switching connectors 
are dimensioned for interconnection with said sec- 
ond interface connectors; and 

wherein said second switching connectors 
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and said second interface connectors are arranged 
on the respective first switching modules and 
antenna interface modules for interconnection of at 
least one of said second switching connectors on 
each of said first switching modules with at least one 5 
of said second interface connectors on each of said 
antenna interface modules. 

A modular interconnect matrix according to claim 1 
further comprising switch control means for control- 10 
ling said first switching means. 

A modular Interconnect matrix according to claim 2, 
wherein said switch control means comprises: 

at least one second switching module having 75 
a first control connector and a plurality of second 
control connectors, said second control connectors 
being dimensioned for interconnection with said 
second interface connectors, and said second con- 
trol connectors and said second interface connec- 20 
tors being arranged on the respective second 
switching modules and antenna interface modules 
for interconnection of at least one of said second 
control connectors on each of said second switching 
modules with at least one of said second interface 25 
connectors on each of said antenna interface mod- 
ules; 

second switching means in each of said sec- 
ond switching modules for connecting each first con- 
trol connector with any one of said second control 30 
connectors; 

frequency control means for sequentially pro- 
viding frequency control signals each indicative of 
the operating frequencies of the radio channel units: 

scanning receiver means connected to said 35 
first connector of a corresponding one of said sec- 
ond switching modules, said scanning receiver 
means being responsive to said frequency control 
signals and to RF signals provided by said antenna 
interface modules for providing signal strength sig- 40 
nals indicative of the signal strength of said RF sig- 
nals at the operating frequencies of the radio 
channel units; and 

at least one controller responsive to said sig- 
nal strength signals for determining the antenna 45 
having the strongest signal strength of the received 
RF signals at the operating frequency of each radio 
channel unit, said controllers providing control sig- 
nals to said first switching means for interconnecting 
each first switching connector with one of said sec- so 
ond switching connectors such that each radto.chan- 
ne! unit is connected with the antenna indicated as 
having the strongest signal strength of the received 
RF signals at the operating frequency of the radio 
channel unit. 55 

A modular interconnect matrix according to claim 3 
wherein: 

each radio channel unit is assigned to one 



group of a plurality of groups; 

each second switching module is assigned to 
a corresponding one of said groups; 

one of said frequency control means is 
assigned to each scanning receiver means, each 
frequency control means sequentially providing fre- 
quency control signals to a corresponding one of 
said scanning receiver means at the operating fre- 
quencies of ^he radio channel units in said corre- 
sponding one of said groups; and 

one of said controllers is assigned to each 
scanning receiver means, each controller providing 
said control signals to said first switching means 
which are connected to radio channel units in said 
corresponding one of said groups. 

5. A modular interconnect matrix according to claim 4 
wherein each controller provides second control sig- 
nals to said second switching means of a corre- 
sponding second switching module for 
interconnecting said first control connector to each 
one of said second control connectors of said corre- 
sponding second switching module in a predeter- 
mined sequence. 

6. A modular interconnect matrix according to claim 5 
wherein, between each second control signal in said 
predetermined sequence, each controller controls a 
corresponding frequency control means to sequen- 
tially provide said frequency control signals to said 
corresponding one of said scanning receiver means, 
said frequency control signals corresponding to the 
operating frequency of each radio channel unit in 
said corresponding one of said groups. 

7. A modular interconnect matrix according to claim 6. 
wherein each of said first switching connectors on 
said first switching modules are connected to a 
receive terminal on said corresponding one of the^ 
radio channel units, and wherein said antenna inter- 
face modules are signal splitter modules each of 
which divides an RF signal received at its first inter- 
face connector from said corresponding antenna 
into a plurality of divided RF signals each having an 
equal signal strength which is a fraction of the signal 
strength of said RF signal, said divided RF signals 
being provided to said second interface connectors. 

8. A modular interconnect matrix according to claim 6, 
wherein each of said first switching connectors on 
said first switching modules are connected to a 
transmit terminal on said corresponding one of the 
radio channel unit, and wherein each antenna inter- 
face module includes a signal combiner module 
which combines RF signals received at its second 
interface connectors from said transmit terminals 
into a combined RF signal which is provided to said 
first interface connector for transmission by said cor- 
responding antenna and also include a signal splitter 



8 



.071 5477A2J_> 



15 EP 0 715 477 A2 16 



module which divides an RF signal received at its 
first interface connector from said corresponding 
• antenna into a plurality of divided RF signals each 
having an equal signal strength which is a fraction 
of the signal strength of said RF signal, said divided 
RF signals being provided to said second interface 
connectors, said second interface connectors on 
said signal splitter modules being corrected to said 
second control connectors. 
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9. A modular interconnect matrix according to claim 6 
wherein the radio channel units each comprise a 
diversity receiver having two receive terminals for 
receiving RF signals, wherein each of said first 
switching modules has two first switching connec- i5 
tors which are connected to a corresponding one of 
said receive terminals on said corresponding one of 
the radio channel units, wherein said antenna inter- 
face modules are signal splitter modules each of 
which divides an RF signal received at its first inter- 20 
face connector from said corresponding antenna 
into a plurality of divided RF signals each having an 
equal signal strength which is a fraction of the signal 
strength of said RF signal, said divided RF signals 
being provided to said second interface connectors, 25 
and wherein said controllers provide control signals 
to said first switching means in each of said first 
switching modules for interconnecting said first 
switching connectors with two of said second switch- 
ing connectors such that one of said receive termi- so 
nals on said corresponding one of the radio channel 
units is interconnected with the antenna having the 
strongest signal strength of the received RF signals 
at the operating frequency of said corresponding 
one of the radio channel units and another of said 35 
receive terminals on said corresponding one of the 
radio channel units is interconnected with the 
antenna having the second strongest signal strength 
of the received RF signals at the operating fre- 
quency of said corresponding one of the radio chan- 4o 
nel units. 
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(54) Modular interconnect matrix for matrix connection of a plurality of antennas with a plurality 
of radio channels units 

(57) A modular interconnect matrix (200) intercon- 
nects a plurality (M) of radio channel units (203) with a 
plurality (N) of antennas (202). Each radio channel unit 
(203) is connected to a first connector (222) on a corre- 
sponding first switching module (217) having a plurality 
(N) of seconds connectors (225). Each antenna (202) is 
connected to a first connector (21 2) of a corresponding 
antenna interface module (205) having a plurality (X) of 
second connectors (215). The second connectors 
(215,225) on the modules (205.217) are arranged for 
interconnection of at least one second connector (225) 
on each of the first switching modules (2 1 7) with at least 
one second connector (215) on each of the antenna 
interface modules (205). Each of the first switching 
modules (217) provides for the connection of the first 
switching module first connector (222) with any one of 
its second connectors (225) under control of a switch 
control portion of the matrix (240, 260, 263, 267). 
thereby allowing each radio channel unit (203) to be 
interconnected to any one of the antennas (202). 
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